A critical and wide-ranging rcview of the whole ficld of precipitate-based ion-selective electrodes is presented. The currcnt theories of the mechanism of the clcctrode rcsponse are discussed and related to the experimental data. The most important analytical and physicochemical applications of the electrode arc summarized, and, in particular, some examples of the use of electrodes to study complex formation are trcated in detail.
INTRODUCTION

When Kolthoff7
9 first proposed fused silver chloride and silver bromide discs for the detection of chloride and bromidein 1937, and later, in 1961, when we 122 pointed out the possibility of highly selective direct measurement of iodide ion, using silver iodide precipitate incorporated in paraffin wax, it could not have been foreseen how great a development had been initiated. In contrast to the Iack of success in the fifties in the search for ion-selective electrodes, in the sixties many such electrodes, based on precipitates, were developed ( Table 1 ) and many studies of their most important parameters were carried out.
Parallel with the discovery of other types of electrodes not based on precipitates. great efforts have been put into clarifying the mechanism of the electrode response of the precipitate-based type, and in finding new lines of development for novel ion-selective electrodes. Unfortunately, in this respect we are still very much in the early stages and so it is understandable that there has been practically no increase in the range of selective electrodes (with respect to the ionic species) available since the middle of the sixties.
In this paper the conclusions and data are drawn partly from the Iiterature and partly from our findings for the precipitate-based electrodes. Opinions given in the Iiterature are contradictory in some cases and we propose to add our own comments on some of them later. Furthermore, on the basis of up-to-date results we will offer our opinion about further developments.
We use the nomenclature 'precipitate-based electrodes' instead of solidstate electrodes because there are other types of solid-state ion-selective electrodes such as ion-exchange electrodes. In all solvents the properties of the precipitate-based electrodes depend on the solubility of the active component ofthe electrode in the appropriate solvent, whereas the properties of other types of solid-state electrode will depend on other parameters. anions and H ... ; (1969) unresponsive to multivalent anions and cations The precipitate electrodes can be prepared in three ways: from single crystals; from pressed crystals, and from crystals embedded in a suitable material. The first two kinds of electrodes form the group of homogeneaus electrodes, while the third type gives the heterogeneaus electrodes. However, no basic difference exists between these two types of electrodes (except for some effects, which have not yet been explained). There are of course, differences between the mechanical properties of the electrodes, their lifetime and so forth, but from the electrochemical point of view they should be treated together.
With regard to the construction ofthe electrodes, the electrode membranes, either homogeneaus or heterogeneous, are sealed onto the end of glass or plastic tubes, or screwed on with the help of an inert material which does not swell or cause a short circuit between the two sides of the membrane layer.
THEORETICAL SECfiON
Mechanism of the electrode response
The correlations and ideas derived from glass and the so-called ionexchange electrodes greatly helped in the theoretical description of the precipitate-based electrodes. From these guidelines the electrode behaviour may be interpreted in two ways. The first is based on ion transport through the membrane, derived for ion-exchange electrodes. The second is related to the theory given for the mechanism of the glass electrode, in which it is proposed that different ions take part in the ion-transport phenomenon than in the surface equilibria.
At the beginning of our research we tried to interpret the membrane phenomena by ion-transport 122 . However, later on, experimental results werc obtained which were contradictory. No electrochemical difference was found experimentally between electrodes made as a sandwich (silver or platinum plates between two membrane layers assuring electrical contact only through the meta I) and normal electrodes 11 8 • Our opinion about the surface ion-exchange reaction was strengthened by radioactive measurements of the exchange rate of the iodide ions on the silver iodide precipitate-based electrodes 118 • The rate of the exchange reaction was fast and was dependent on the surface charge of the precipitate embedded in the electrode membrane. Of course the charge transport through the crystal and its mechanism are also very important in the interpretation of the behaviour of the electrodes. In this context we would like to mention the paper of Durst 15 , using impedance measurements, have provided further evidence for the surface-exchange theory. However, their detailed discussion seems to be scarcely justified by the small amount of experimental data. In their work they classify four types of electrodes, according to electrical analogies to the response mechanism. The first group, to which the LaF 3 electrode belongs, have, in the analogy, two frequency-dependent impedances in series, one of which is accounted for by the La(OHh film on the surface of the electrode, while the other is due to the LaF 3 itself. Brand and Rechnitz assume that there is no difference between the fluoride transport in the two layers. They put the silver chloride electrode into the second group, where there is no surface film on the silver chloride. According to them, in both groups the halide is transported through the membrane and ion-exchange equilibria are established on the surfaces. In the third group, consisting of Br-, 1-, S 2 -, Pb 2 + and Cd 2 + electrodes and in the fourth group, the copper electrode, ion transport through the membrane has not been proved, and in an electric field charge accumulates on the surface. The authors are of the opinion that measurement of the electrode impedance is a good way of evaluating the rate of the ionexchange reaction on the surface.
A new contribution has recently been made by Hirata and coworkers64· 66 • 67 to the study of the electrical conductivity of the membrane phase. They found that electrically conducting sintered PbS has no response to Pb 2 +. In spite of this the electrode functions if the sintered phase contains a large amount of Ag 2 S in addition to PbS. In this case ion transport through the membrane and the exchange reaction on the surfaces are affected by different ions. lt is interesting to mention that they found a Pb 2 + response if the PbS was incorporated into silicone rubber. This phenomenon so far, however, cannot be explained.
The importance of surface ion-exchange reactions in the response mechanism has been underlined by our experiments carried out studying the adsorption of various anions on the surfaces of Ag I precipitates 11 7 • 124 · 149 . From these experiments, it was concluded that halide and pseudo-halide ions, after losing their coordinated water, were adsorbed on the surface of the silver iodide, while other ions such as POl-and SO~-are adsorbed without Ioss of the coordinated water. Furthermore, the investigation showed that the anions forming slightly soluble silver salts are exchanged in a very fast reaction by other anions which form Iess soluble salts with silver.
Since the development of the precipitate-based ion-selective electrodes it has been stated unambiguously that electric conductivity is a necessary condition for the electrode response in addition to the surface-exchange equilibria. The conductivity can be assured by crystal defects or doping of single crystals as suggested by Frant and Ross 49 who used Eu for doping LaF 3 . The last method needs further investigation as emphasized by the work of Vesely 175 , who found that there is no unambiguous correlation in the case of the LaF 3 electrode between the doping and the electrochemical behaviour. His finding is in accordance with the opinion of Lingane 94 who believes that doping is unnecessary.
From our research 98 we have concluded that there is a correlation between the nurober of crystal defects and the standard potential of the electrode. Table 2 shows the difference between the standard potentials of electrodes of the second kind and the corresponding ion-selective electrodes, the active component of which has been exposed to light for different time intervals. Table 2 . Effect of exposure time on the differences between the potentials of membrane electrodes and electrodes of the second kind As the slopes remained constant the calibration curves of the electrodes were shifted parallel to each other. In a simple case when the membrane precipitate consists of univalent ions, there is a correlation between the shift of the standard potential and the number of crystal defects. This correlation is as follows:
where Ks is the solubility product of the precipitate, Kc is the equilibrium constant for the formation of the defect in the crystal, and (ax)c is the activity of the component X in the crystal and varies between 1 and Kc.
The electrode function, however, is not influenced by the standard potential. This was proved not only by us but also by Loshkarev and Yudina 95 , who found this for the sulphide electrodes. The migration of the crystal defects can be described by the NernstPlank equation. Buck 24 has applied this equation for the derivation of an expression for the lower detection Iimit of ion-selective electrodes and reached basically the same conclusion which we reached using the theory of Donnan potentials established on the surfaces
where (L) and (-L) denote the two sides of the membrane and K is the solubility product. sp
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For the calculation of the lower detection Iimit Covington 33 gave a simpler equation, which also takes into account the solubility of silver halides in halide solutions.
Naturally this lower detection Iimit varies from electrode to electrode and with thc medium used for measurements. Furthermore, the Iimit shifts to lower concentrations with higher ionic strength. Shifts of several decades can be achieved by alteration of some parameters-as will be discussed later on.
In solutions containing more than one potential-determining ion, the membrane potential of the precipitate-based electrodes can be described on the basis of the ion-exchange equilibrium by the following equation 118 , which is analogaus with the Nikolsky equation
where Kik is the selectivity constant of the electrode. (We have derived an equation for the calculation of Kik, which is given later.) Accordingly the selectivity constant may be determined unequivocally from the solubility products of the preci.pitates built into the membrane and also those formed during the exchange reaction. Buck 24 has modified this concept and stated that it is valid only for such immiscible precipitates as silver chloride and silver iodide, and he has proposed a more complex expression used for mixed crystals such as mixed La(OHh ~md LaF 3 , for which the selectivity constant is:
where u is the mobility of the ion in the crystal, and y is the activity coefficient in the crystal. For the practical determination of the selectivity constant the method used by Eisenman 43 for glass electrodes was first employed. This calculation is based on the potential difference measured with the electrode in solutions containing only the reversible ion, and then in solutions containing only the interfering ion, both solutions containing the same counter-ions with activity 0.1 M. The equation for the calculation is
This method has a fundamental error. lt ignores the fact that the concentration of the potential-determining ion, when in a pure solution of the interfering ior., is determined solely by the dissolution of the precipitate. So the measuring conditions do not relate to the required conditions and are not weil defined : these defects in the measuring conditions are admirably exem9lified by t he poor experimental resuhs Ki'k meas.
1.8 x w-
Ki'k* meas.
6.0 x w-3 1.1 x w- • The values were calculated l!';ing the highest and lowest solubility constant data of Ag 2 S found in the literature.
In these tables the calculated and measured selectivity constants are compared and they are in good agreement. Furthermore, it can also be seen that the selectivity of some electrodes to many ions is so good that there are practically no interferences to the electrode response.
Naturally, the electrode potential is a result of the difference in the electrochemical potentials of solvated and desolvated ions, which are bonded in the crystal Ia ttice. In this respect the research of M orf and Sirnon 106 is very valuable; they proposed a rather simple method for the calculation of the hydration enthalpy of the cations. A similar method for anions would be welcome for the theoretical interpretation of anion-selective electrodes. Many authors have investigated the effect of complexes on the precipitatebased electrodes. The sturlies have been carried out in two directions. The firstwas to clarify the nature of the electrode responsein solutions containing complexes of the appropriate ion. Secondly, it was fascinating to study the behaviour of the electrodes in solutions of ions which dissolve the precipitate as a complex.
A further complication in the measurement of ions which form complexes is that they may react with the solvent, for example basic anions, such as cyanide, will form acids. Using sulphide and cyanide anion-selective electrodes it was clearly demonstrated that they measure only free anions125,t4s. t73_ In the case of cyanide we determined the stability constant and found a value of 9.20 which is in agreement with the Iiterature value 173 • Various authors investigated the association and dissociation problems of fluoride. Shrinivasan and Rechnitz 157 and later on, Vanderborgh 174 published results for the stability constant of hydrogen fluoride using a fluoride ion electrode, which agree weil with Iiterature data published previously. For example, Broene and de Vries 19 using a glass electrode found pK = 3.173 at 25oC and Vanderborgh using an Orion fluoride electrode found a pK value of 3.189 at 25°C.
If any ion present in the solution is a complexing agent, then it may react with thc membrane. A good example of this is cyanide ion and silver halide membrane electrodes. Due to the formation of complex silver cyanide, the cyanide ion Jiberates halide on the surface of the electrode, which diffuses in the opposite direction to the cyanide ion reaching the surface from the bulk of the solution. From this the actual cyanide concentration at the surface may be assumed to be virtually zero, except at very high cyanide concentrations. This was the basis for our deduction of the dependence of the potential on the cyanide activity.
, RT
where ax is the activity of halide Iiberated and present at the surface of the electrode; this will eq ual ! acN in the absence of the appropriate halide in the solution. K is the dissolution constant, for which we 1 73 have found experimental values of between 1 and 0.1. The electrode behaviour, indicated by the equation, is illustrated in Figure 2 .
Concerning the details ofthe mechanism, it is doubtful whether the reaction AgX + 2CN-~ Ag(CN).2 + xalone determines the electrode response. Fleet and Storp
48
, who investigated the iodide-based cyanide electrode, propose that the simple precipitationexchange reaction also plays a role :
Silver halides can be completely dissolved in a cyanide solution when the cyanide present is equivalent to that of the halide. However, if complex formation needs a large excess of complexing agent, the electrode also responds to that kind of complexing ion. This is the situation when an iodide electrode is used for the determination of S 2 0~-. In this case the K value lies between 10-2 and 10-3 . The sameisalso true when measuring cyanide with a sulphide electrode. Whatever basic halide electrode is used for the determination of cyanide the electrode responds with the same efficiency to the cyanide as to the anion composing the electrode. The selectivity constant for other ions remains the same as it would be in the presence of the anion corresponding to the appropriate electrode. This was one of the fundamental experiments on the basis of which we deduced the potential equation mentioned previously. This is demonstrated in Table 6 , where an iodide-based electrode was used and selectivity constants for various ions in the presence of both cyanide and iodide ions in the solution were determined. It is worth noting that the complexing agent destroys the electrode, and so the lifetime of electrodes is limited.
PRECIPIT ATE-BASED ION-SELECTIVE ELECTRODES
If the anion investigated forms complexes with metal ions, then the electrode potential allows us to observe the complex formation and to get information about the stability data. Szab6 162 has been able to demonstrate, by using an iodide-selective electrode, the formation of the 13 complex. This was also shown by Liberti and Mascini 88 . There are now many results of complex formation studies in the Iiterature obtained from work with ion-selective electrodes. It is generally found that complexes of low stability A further example of a study of metal-fluoride complex formation is provided by Bond and Hefter 13 who calculated the formation constants of Iead fluoride complexes using a fluoride electrode.
Very important results concerning the lower detection Iimit of electrodes have been obtained by the investigation of complexes. Our investigations with cyanide lend weight to the fact that the lower detection Iimit shifts further down in the presence of complexes. At the sametime Mesmer 1 04 has demonstrated similar phenomena with beryllium complexes, with which the lowest detectable fluoride concentration in 1 M sodium chloride solution was 7 x 10~8 M.
Aziz and Lyle 5 successfully investigated fluoro-complexes of the metals gadolinium. europium, scandium, iron, magnesium, and calcium: the ß values are all lower than 10° l mol-1 and this was found to be the Iimit of the method. Their investigation therefore excluded a study of the thorium complexes. In spite of this, Baumann 10 reports that she investigated the zirconium, thorium and lanthanum fluoro-complexes in solutions of ionic strength of 0.5 to 2 M. Among the various complexes, she was able to distinguish the ZrF 3 + and ZrF~ + complexes for zirconium, the ThF 3 + and ThF~ + complexes for thorium and the LaF 2 + complex in the case of Ianthan um.
One problern encountered in this work is that lanthanum fluoride influences the fluoride measurement by the dissolution of its surface, which releases fluoride ions into the solution. In this respect the polycrystalline electrodes have a further disadvantage by having a higher dissolution rate than the single crystals.
Baumann also reports that the Nernstian response of the fluoride electrode extends down to 5 x 10 ~ 
Buffers
Unfortunately, among the ion-selective electrodes, we on_ly have buffers of high capacity for pH electrodes. Because of this Iack of suitable buffers for other ions, the calibration of electrodes responsive to these other ions is difficult. Moreover, junction potentials are a further problern which has been discussed in a paper by Bates and Alfenaar 7 • However, following the need for further scales of ionic activity, some practical methods have been devised for their construction. For concentrations greater than 10-3 M the calibration can be carried out directly with solutions of the appropriate ion, the ionic strength being maintained by electrolytes for whose components the selectivity constants are lower than 10-8 . Another calibration method which is available uses the complexes or precipitates which are in equilibrium with the appropriate ion. It should be mentioned that such systems generally have low-buffer capacities. To this group belong those buffers suggested by Havas and his co·workers 61 ; they have used saturated solutions of silver halides for calibration points. The disadvantage of this method is the great susceptibility to change of the solubility of the silver halides by any one of a number of parameters.
There are many papers published in the Iiterature on the application of the fluoride electrode. Because the fluoride ion takes part in an acid-base equilibrium and is also a good complexing agent for various metal ions, it is necessary to ensure reproducible conditions for the fluoride measurements. The behaviour of the electrodes in non-aqueous solvents A systematic study of the behaviour of the precipitate-based electrodes has been carried out by Kazarjan and Pungor 7 4 • 7 5 • The silver halide electrodes were used in alcohols, ketones and other solvents such as dimethylformarnide. In this investigation aqueous and aqueous/non-aqueous solvent mixtures in different ratios were used. The solubility product of the silver halides and the selectivity constants of the electrodes were rneasured in the different solvent rnixtures. The calculated and measured selectivity constants are cornpared in Tab/es 7 and 8.
1t may be seen from the tables that the theoretical values agree with the measured values and thus one rnay conclude that the ion-exchange concept is also valid in these systems.
In these experiments we found that it was necessary to first condition the electrode in the appropriate solvent mixtures as the rnernbrane is heterogeneaus; during the soaking we observed a swelling effect.
As expected the theory for the lower detection Iimit of the electrodes derived for aqueous solvents is also valid for other rnedia. So, for example, 121 E. PUNGOR AND K. TÖTH in 90 per cent ethanol, the lower detection Iimit of the iodide electrode lies at about 10-9 M, this decrease being produced by a difference of approximately 1.5 units between the solubility product exponent in this medium and in water.
For measurements with the fluoride electrode, Lingane 94 reported that in alcoholic solvents the lower detection Iimit of the fluoride electrode shifts downward by nearly one decade.
Another study in non-aqueous solvents, using the Iead electrode, consisting of Iead sulphide plus silver sulphide, has been carried out by Rechnitz and Kenny 1 34 . They used this electrode with success in methanol, dioxane, acetonitrile and dimethylsulphoxide. The immersion and injection techniques for producing transient phenomena are equally useful. In our review paper summarizing the state of the art, we concluded that, for the halide electrodes, the Iiterature data were not always useful because the results were sometimes influenced by the response lag of the mcasuring systems. Our results 1 72 and those of Rechnitz 137 have indicated that the response time is, for halide electrodes, less than one second.
Our most important conclusions, reached with our heterogeneaus electrodes, are as follows:
(i) The responsetime can be described by one exponential equation.
(ii) The response time is only slightly dependent on the thickness of the membrane layer.
(iii) The response time decreases if the solution contains non-interfering ions in large excess.
(iv) The response time of the iodide-based cyanide electrode in cyanide solutions is the same as in iodide solutions. This strongly suggests that the potential-determining processes are identical for the two responses.
Using a sulphide electrode, rather than a halide electrode, Light 92 found a rcsponse time of about one millisecond.
PRACTICAL SECTION Measuring techniques
The measuring techniques applied to the precipitate-based electrodes are the same as those used for every other kind of electrode.
The measurements may be carried out either in cells with liquid-liquid junctions or without liquid~Iiquid junctions. In the latter case we must choose a reference electrode which is reversible to one of the components in the system-one which does not interfere with the ion-selective electrode. At the sametime this component may also be used to maintain the constancy of the ionic strength. Wehave used in this way, as a reference electrode, the ion-exchange based perchlorate electrode 123 • Such an experimental system is especially suitable for the investigation of complex equilibria, the ionic strength being maintained by perchlorate.
Cells with liquid~~liquid junctions have to be constructed in such a way that the electrolyte in the salt bridge does not interfere with the measuring electrode.
If both the measuring and reference electrodes have high internal resistances, then the Ieads connecting them to the measuring instrument should be shielded and both instrument inputs should have high impedances, rather than just one as with anormal pH meter. To meet these requirements,
Brand and Rechnitz
1 "~ have designed a device with two, very high impedance, matched and symmetrical inputs using operational amplifiers.
Measurement with ion-selective electrodes can be carried out in several different ways. The activity of the ion can be estimated directly, as when using a glass electrode for pH determination, or alternatively the standard addition technique
, which is also a direct method, can be used. In many cases this latter technique gives better results than the simple directmeasuring procedure. A further elaboration is the so-called multi-addition technique. This technique has the advantage, compared to the simple calibration procedure, that it is not necessary to know anything other than that the electrode response is linear with the logarithm of the ionic activity in the measurement rangc. This multiple standard addition technique gives very accurate results, particularly when combined with a computer.
Precipitate-based electrodes can be used as indicator electrodes in potentiometric titrations. One method where they may be particularly used to advantage is null-point potentiometry. Durst 37 has devised an arrangement using this technique for the measurement of nanogramme quantities in volumes of 50 Jll.
Errors
The errors arising from the direct appJication of membrane electrodes have recently been studied. Krul1
82 studied generally the influence of errors of the selectivity constant on the analytical results and his findings are also valid for the precipitate-based electrodes, if the measurement of the selectivity constant is incorrect.
In direct potentiometry an error of 1 m V Ieads to an error of nearly 4 per cent in the determined concentration. Moreover, this error increases if the measurement is carried out in a non-Nernstian part of the calibration curve.
If precipitate-based electrodes are used for end-point indication in a titration, the precision of the determination is higher than in direct measurement. Schultz 150 has suggested that in ideal conditions the titration curve should be symmetrical about the end-point. However, theseideal conditions are only assured if, among other things, the system to be titrated does not contain ions for which the selectivity constant is appreciable ( < 10-
Schuhz has written the equation of the titration curve when the titrand contains interfering ions, as follows:
lf the interfering ion is in the titrant:
and if both the titrand and titrant contain interfering ions, the expression becomes
PRECIPIT ATE-BASED ION-SELECTIVE ELECTRODES Carr 26 discusses the question of errors in detail and points out that the end-point error of a precipitation titration is only negligible if interfering ions are absent. Schultz 151 studied the same question for chelatometric titrations and found that the titration error increases as a function of the selectivity constant.
The difficulties increase if the composition of the titration product is uncertain, as was found, for example, by Lingane 93 when using metalfluoride complexes in determinations.
Anfalt and Jagner 2 studied various titration methods using ion-selective electrodes from the point of view of the errors, and concluded that the most precise data were achieved by use of the Gran 54 method, corrected by Ingman and Still 70 . Liberti and Mascini 87 have published a paper describing an application of the Gran method.
A further measuring error arises if the electrode becomes polarized, as has been pointed out by Buck 25 . Hence, because of the high resistance of precipitate-based electrodes, the input impedance of the measuring device must be high, normally not less than 10 12 ohms. SOME ANALYTICAL APPLICATIONS OF PRECIPITATE-BASED ION-SELECfiVE ELECTRODES Some of the more recent analytical applications of precipitate-based electrodes are collected in Table 9 . We should like to briefly discuss some of these applications.
One type of application is in the determination ofvery Iow concentrations. As examples we can mention the determination of cyanide in sewage, some results of which are presented in Table 10 , and of cyanide in leaves, as shown in Table 11 . In this estimation of cyanide in leaves, a particular advantage isthat the usual preliminary distillation step is unnecessary. A further application is shown in Table 12 , which contains results of chloride determinations in potassium hydroxide; such determinations are of especial importance in semiconductor technology. In this method the sample is initially passed over a cation-exchange resin, and the eluted chloride measured with the electrode.
Another type of application is in the titration of such compounds that react to produce cornponents to which the electrode is reversible, as for example in the determination of thiourea 114 . Thiourea is only slightly hydrolysed in aqueous solution, as may be demonstrated by potentiometric measurements using a sulphide-selective electrode. The approximate concentration of sulphide ion, as calculated by the Nernst equation, in alkaline 10-1 M thiourea solution is extremely small-about 10-15 M. On titration of the solution with silver nitratein the presence of 0.1 N sodium hydroxide, the following reaction takes place: In the first step, one sulphur splits ofT to form silver sulphide and at the same time cyanamide is formed. The resulting cyanamide reacts with a further two molecules of silver nitrate and a silver cyanamide precipitate is formed. • The values are calculated back to the undiluted solution.
The products of the titration were separated by filtration and were analysed gravimetrically and also for their eiemental composition. In addition their infrared spectra were taken. For comparison the spectra of pure cyanamide and thiourea were also recorded. These experiments proved the proposed reaction path. The titration allows an accurate determination of thiourea and a fully detailed method has been worked out with the help of our co-worker Mrs Kucsera. The reaction, which takes place rapidly as the titration proceeds, is followed conveniently by a sulphide ion-selective electrode in lo-· 1 -10-3 M thiourea solutions. -------~--- Table 12 . Direct determination of chloride in KOH using a chloride membrane electrode Another case where ion-selective electrodes may be used indirectly for the determination of compounds to which there is no direct response, is in combustion analysis. In organic microanalysis, combustion is frequently employed and ion-selective electrodes may be conveniently used to determine halides in the combustion products. Some results are collected in Table 13 . 
------· ------------------------------------------
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SOME OTHER APPLICATIONS OF ION-SELECTIVE ELECTRODES
As weil as the above analytical applications, ion-selective electrodes can be used in the field of physical chemistry for investigating equilibria and kinetics of various reactions. In this article we have referred to many papers where the electrodes have been used for determining acid-base dissociation constants and formation constants of complexes. Another interesting new application, which is furnished by the short response time of the electrodes, is the study of oscillating reactions. Woodson and Liebhafsky 181 used the iodide electrode in a study of the C1031H 2 0 2 reaction and Körös et al.
(personal communication) are using our bromide electrode for investigating such reactions asthat between Br03 and malonic acid.
CONCLUSION
In the last decade the field of ion-selective electrodes has undergone an astonishingly rapid development with many new sensors being developed 1~3 and applied in a wide range of analytical and physicochemical research. But can we predict future developments in this branch of chemistry? In our opinion the number of precipitate-based electrodes will be limited, but in the application of these electrodes to the monitaring of chemical processes there will be a rapid expansion. However, future major developments cannot be expected unless we can discover the exact relations between the properties ofthe precipitates used for the electrodes and their electrochemical behaviour.
